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TABLE 10.—Continued

Author, year of study,
location, reference

Number and type
of pepulation

Findings

Khosla, 1964, Port Talbot,

7,701 males employees

Adjusted mean FEV, level (liters)

United Kingdom (7971) in the steel industry Never smokers 370
Current smokers
< 15 cigarettes/day 3.57
15-24 cigarettes/day 3.48
25-34 cigarettes/day 341
> 35 cigarettes/day 337
Schlesinger et al., 1968, 4,331 male civil servants, Mean value of the FEV,/FVC ratio
Israel (1972) aged 45 or older Nonsmokers 76.0
Ex-smokers 74.3
Current smokers
1-19 cigarettes/day 739
> 20 cigarettes/day 2.7

Kesteloot et al., 1968-1969,
Belgium (1976

4,961 males in the
Belgian military,
aged 15 to 59

By multiple regression, FEV, reduced by 0.14 liters in
smokers of 1-19 cigarettes daily and by 0.23 liters in

smokers of 20 or more daily

O'Donnell and de Hamel, 1969-
1970, New Zealand (7976)

1,079 male public
servanta, up to age
65

Reduced mean FEV, in smokers of 10 or more cigarettes

daily; increased prevalence of FEV, below 80 percent of
predicted in smokers of more than two packs daily

Linn et al., 1973, San Fran-
cisco and Loe Angeles,
US. (1976

644 male and female
office workers, aged
17 to 60

By analysia of covariance, significant reduction of FEV, in

smokers compared with nonsmokers

Endelman et al. year not
stated, Baltimore, US.
(1966)

410 male volunteers,
aged 20 to 103

By partial regression analysis, significant reduction of
FEV, in current and former cigarette smokers
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TABLE 10.—Continued

Author, year of study,
location, reference

Number and type
of population

Woolf and Suero, year not
stated, Toronto (1971

298 female volunteers
employed at commercial
firms, aged 25-54

Krumholz and Hedrick, year
not stated, Davton, US.
(1975

227 male executives,
aged 15-64, selected
to include nonsmokers
(n=136) and long-
term amokers (n=91}

Findings
Adjusted mean levels
FEV, FEV,/FVC ratio
Nonsmokers 2.65 86.7
Ex-smokers 264 85.0
Current smokers
70 cigarettes/week 263 85.2
71-140 cigarettes/week 2.50 85.1
> 140 cigarettes/week 245 84.1
Mean values
FEV, FEV,/FVC
Nonsmokers 3.80 713
Smokers 342 736

Grimes and Hanes, year not
stated, Los Angeles, U.S.
11975

1,059 male and
female insurance
company employees

By multiple regression, significant reduction of FEV, level
in male smokers but not in female smokers

Lefcoe and Wonnacott, year
not stated, western Ontario,
Canada (1974

1,072 males in four
occupational groupe

By multiple regression, significant reduction of FEV, in
current cigarette smokers

Higgenbottam et al., year not
stated, London, England (7980

18,403 male civil
servants, aged
40 to 64

Reduced FEV, in cigarette smokers compared with nonsmokers,
increased effect with increasing daily amount in current
smokers




(Table 10), even though people with symptomatic airflow obstruction
may be likely to retire from their jobs.

Recently, predictors of the incidence of airflow obstruction have
been examined with multivariate techniques in data from popula-
tion samples in Tecumseh, Michigan (Higgins et al. 1982), and in
Tucson, Arizona (Lebowitz et al. 1984). In Tecumseh, the strongest
predictors of airflow obstruction (defined as an FEV, less than 65
percent of predicted) were age, the number of cigarettes smoked
daily, changing smoking habits, and the initial FEV, level (Higgins
et al. 1982). The addition of other variables to the predictive model
did not greatly improve its validity. In Tucson, these same variables,
along with certain symptoms and illnesses, and skin test reactivity
were significant predictors (Lebowitz et al. 1984). During the 10
years of followup of a population sample in Finland, incidence cases
of chronic airflow obstruction (defined as FEV/FVC ratio less than
60 percent) were observed only in those who continued to smoke
(Huhti and Ikkala 1980). These studies of incidence highlight the
importance of cigarette smoking in the etiology of airflow obstruc-
tion; new cases are rare among nonsmokers.

Dose-Response Relationships

Dose-response relationships between FEV, level and the amount
of cigarette smoking have been described with simple descriptive
statistics and further characterized by multiple regression analysis.
In cross-sectional data, the FEV; level varies inversely with the
amount smoked. Although the variation in mean FEV, ]evels among
strata of smoking appears clinically unimportant, the distributions
of values in smokers and nonsmokers are quite different (Figure 4).
Cigarette smokers more often have abnormal lung function, regard-
less of the criteria applied to the population (Mueller et al. 1971;
Knudson et al. 1976; Burrows et al. 1977a; Detels et al. 1979; Rokaw
et al. 1980; Beck et al. 1981). This increased prevalence of abnormal
function is a result of the skewed distribution of function in smokers,
with a subgroup of the smokers showing a large decline rather than
the entire group shifting by a small amount (Figure 4). As noted in
this reference, however, there are decreasing numbers of smokers
with FEV, above the mean for nonsmokers as pack-years increase,
suggesting that all smokers are probably somewhat affected, even
though only a minority eventually develop clinically significant
airflow limitation.

In several populations, the relationship between cigarette smoking
and FEV, level has been examined in greater detail. Burrows et al.
(1977a) used linear multiple regression analysis to examine the
relationship between cigarette smoking and ventilatory function in a
population sample in Tucson, Arizona. Pack-years, a cumulative-
dose measure, was the strongest predictor of FEV, level among the
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smoking variables considered. In currently smoking men and
women, the FEV,: declined by approximately 0.25 percent of the
predicted value for each pack-year of cigarette smoking; the effect
was of a similar magnitude in ex-smokers. Using data from three
separate U.S. communities, Beck and colleagues (1981) assessed the
importance of six separate smoking variables: amount smoked daily,
use of filters, inhalation, age started, age stopped for ex-smokers, and
cumulative pack-years. For the FEV), the strongest predictors in
male current smokers were the duration of smoking and the amount
smoked; in female current smokers, only pack-year was statistically
significant. The number of years of cessation was associated with
FEV:in male but not in female ex-smokers.

However, in both the multiple regression analysis reported by
Beck et al. (1981) and that reported by Burrows et al. (1977a), the
measured cigarette smoke variables accounted for only about 15
percent of the variation of age- and height-adjusted FEV, levels.
Unmeasured aspects of cigarette smoking, other environmental
exposures, and the characteristics of the smokers must contribute to
the unexplained variation. A role for the type of cigarette smoked
has not yet been established (USDHHS 1981), and the impact of
differences in depth or pattern of inhalation and other aspects of the
pattern of smoking remains to be investigated; they are discussed in
more detail in the chapter on low tar and low nicotine cigarettes.
Further studies of these aspects of cigarette smoking are needed to
monitor the consequences of changing cigarettes.

Factors Other Than Cigarette Smoking

A number of risk factors other than cigarette smoking have been
postulated as contributing to the development of airflow obstruction
(Table 7). Of these, a definite role for a,-antitrypsin deficiency has
been established, but only the small number of persons with
homozygous deficiency incur markedly increased risk (Morse 1978).
The current hypotheses on susceptibility to cigarette smoke postu-
late roles for childhood respiratory illnesses (USDHEW 1979;
Burrows and Taussig 1980; Samet et al. 1983), for endogenously
determined hypersensitivity of the lung, and for other genetic and
familial factors (Speizer and Tager 1979; USDHHS 1980a). At
present, these hypotheses remain largely untested. The data are
similarly incomplete at present for the other factors listed as
putative risk factors in Table 7. The status of each is briefly reviewed
below.

ABH Secretor Status

Secretion of ABH antigens is a genetically determined trait that
follows an autosomal dominant inheritance pattern; approximately
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70 to 80 percent of the population excrete antigen into the body
fluids (Cohen et al. 1980a). In a genetic-epidemiology study in
Baltimore, Maryland (Cohen et al. 1980a), ABH nonsecretors had
lower levels of FEV:/FVC ratio and a higher proportion with
FEV./FVC ratio below 69 percent. Studies in France (Kauffmann et
al. 1982a, 1983) and in England (Haines et al. 1982) have confirmed
reduced expiratory flow rates in ABH nonsecretors. In contrast,
ABH secretor status did not predict the development of obstructive
airways disease in the Tecumseh, Michigan, population (Higgins et
al. 1982).

Air Pollution

Although exposure to air pollution at high levels may exacerbate
the clinical condition of persons with chronic lung disease, a causal
role for air pollution in the development of airflow obstruction has
not been established (Tager and Speizer 1979; USDHHS 1980b).
However, smoking is the major predictor for chronic airflow
obstruction in areas of high as well as low atmospheric air pollution.

Airways Hyperreactivity

Orie and colleagues in the Netherlands (Orie et al. 1960) speculat-
ed that bronchial hyperreactivity and allergy may predispose to
asthma and chronic bronchitis. Findings from two small longitudinal
studies have suggested that airways reactivity may influence indi-
vidual susceptibility to cigarette smoke. Barter and colleagues
followed 56 patients with mild chronic bronchitis during a 5-year
period (Barter et al. 1974; Barter and Campbell 1976). The rate of
decline of FEV, increased with the degree of airways reactivity, as
measured by reversibility with isoproterenol or responsiveness to
methacholine. Britt et al. (1980) measured change of FEV, in 20
young adult male relatives of patients with chronic obstructive
pulmonary disease. The decline of FEV,; was approximately five
times larger in the nine subjects with a positive methacholine
challenge test. In patients with clinically diagnosed airflow obstruc-
tion, airways reactivity is also associated with more rapid decline of
lung function (Kanner et al. 1979). Because airway reactivity would
affect the FEV, directly as well as possibly influence the susceptibili-
ty to smoke, it is difficult to ascertain from these data whether the
relationship between airway reactivity and COLD is direct or
spurious.

Alcohol Consumption

The epidemiological data on alcohol consumption are conflicting.
A study of former alcoholics demonstrated an excess prevalence of
lung function abnormalities, including airflow obstruction (Emergil
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